To evaluate the impact of pregabalin on sleep, pain, function, and health status in patients with chronic low back pain with accompanying neuropathic pain (CLBP-NeP) under routine clinical practice. Methods: This prospective, non-interventional, observational study enrolled Japanese adults ($18 years) with CLBP-NeP of duration $3 months and severity $5 on a numerical rating scale (0= no pain, 10= worst possible pain). Treatment was 8 weeks with pregabalin (n=157) or usual care alone (n=174); choice of treatment was determined by the physician. The primary efficacy outcome was change from baseline to 8 weeks in pain-related interference with sleep, assessed using the Pain-Related Sleep Interference Scale (PRSIS; 0= did not interfere with sleep, 10= completely interferes with sleep). Secondary endpoints were changes in PRSIS at week 4, and changes at weeks 4 and 8 in pain (numerical rating scale), function (Roland-Morris Disability Questionnaire), and quality of life (EuroQol 5D-5L); global assessments of change were evaluated from the clinician and patient perspectives at the final visit. Results: Demographic characteristics were similar between cohorts, but clinical characteristics suggested greater disease severity in the pregabalin group including a higher mean (standard deviation) pain score, 6.3 (1.2) versus 5.8 (1.1) (P,0.001). For the primary endpoint, pregabalin resulted in significantly greater improvements in PRSIS at week 8, least-squares mean changes of -1.3 versus -0.4 for usual care (P,0.001); pregabalin also resulted in greater PRSIS improvement at week 4 (P=0.012). Relative to usual care at week 8, pregabalin improved pain and function (both P,0.001), and showed global improvements since beginning study medication (P,0.001). Pregabalin was well tolerated.
Introduction
Low back pain (LBP) is one of the most common major health problems in industrialized countries, and is ranked among the top ten conditions that account for the highest number of disability-adjusted life years worldwide. 1 People of all ages can be affected by LBP, and because of its widespread prevalence it is one of the most burdensome 2, 3 In Japan, the estimated lifetime risk of LBP is 83%, 4 and its presence also results in reductions in quality of life. 5 Furthermore, as evidenced by a recent study of patients with LBP in Japan, pain severity in LBP is associated with an increased patient burden, with a greater burden at higher levels of pain. 6 In particular, patients reported significantly greater sleep disturbance and impairment of quality of life at higher pain severity levels. 6 When LBP lasts $3 months it is known as chronic LBP (CLBP), and this chronicity significantly increases the burden relative to that of LBP of shorter duration. 7 CLBP can be considered a mix of three pain components depending on the presentation: nociceptive, neuropathic origin, or augmented central pain processing. 8, 9 In the context of CLBP, the most common syndrome is neuropathic pain (NeP) secondary to nerve root involvement. 10, 11 In Japan, it has been estimated that 29.4% of patients with CLBP have an NeP component (CLBP-NeP), 12 which is consistent with the rate of 37.0% that has been reported in a European population 13 and estimated in an evidence-based review.
14 A post-marketing surveillance study further identified radiculopathy including CLBP (ie, CLBP-NeP) as the most prevalent NeP condition in Japan, accounting for 40% of patients with NeP. 15 Sleep is an especially important outcome that affects daily function and quality of life, and there appears to be a reciprocal relationship between chronic pain and sleep in chronic pain conditions. 16, 17 This relationship includes the potential for sleep disturbance to lower the pain threshold. 18 Furthermore, a systematic review of the relationships between CLBP and sleep reported that CLBP negatively affects multiple sleep dimensions, including reductions in sleep duration and quality, and poor daytime functioning. 19 Sleep disturbance is one of the most important coexisting conditions in patients with CLBP, 20, 21 and similarly in NeP, with real-world studies revealing that sleep disturbances are the most frequently patient-reported effects of NeP. 22, 23 As in other NeP conditions, patients with CLBP-NeP report high pain severity, which is associated with poor sleep as well as reduced function and productivity; 24 sleep disturbance is a comorbid condition that is reported in at least 50% of these patients with CLBP-NeP regardless of pain severity. Indeed, the presence of NeP in CLBP also appears to exacerbate sleep problems, as suggested by poorer sleep outcomes (ie, more frequent disturbance, greater reductions in quality and adequacy, and increased daytime somnolence) than patients with CLBP less likely to have an NeP component. 13 Both the pain and the sleep disturbance affect the ability to function and perform daily activities. Functional ability in CLBP is frequently measured using the condition-specific Roland-Morris Disability Questionnaire (RMDQ), 25 and together, these outcomes of pain, sleep, and function can be considered integral components that contribute to the health state of the individual and the overall efficacy of CLBP treatment. 26 Indeed, contemporary evidence-based NeP guidelines highlight taking into account pain severity, and its impact on lifestyle and daily activities including sleep disturbance, when discussing an appropriate management strategy with a patient. 27 Treatment guidelines have been developed for CLBP, and although non-pharmacologic strategies are used, management primarily relies on a pharmacologic approach. 28 However, the presence of NeP increases the challenge of treatment, since many of the standard analgesics recommended in these guidelines, such as acetaminophen and nonsteroidal anti-inflammatory drugs, have poor efficacy for NeP. This greater complexity in treating NeP provided the rationale for development of specific recommendations for NeP management. 29 Pregabalin, a high affinity ligand of alpha-2-delta (α2-δ) subunits of voltage-gated calcium channels in the central nervous system, 30 is considered a first-line drug for the treatment of NeP. 29 It has received Japanese manufacturing and marketing approval to treat NeP based on its demonstrated efficacy in clinical trials for reducing pain in patients with different NeP diseases including post-herpetic neuralgia, diabetic peripheral neuropathy, and NeP associated with spinal cord injury. [31] [32] [33] Its safety profile in Japanese patients has also been shown to be similar to that observed in western studies. 34 In randomized clinical trials, pregabalin significantly improved patient-reported sleep disturbance across multiple conditions, through an indirect analgesic effect and a direct effect on sleep. 35 Observational studies from routine clinical practice in primary care settings in Germany and Spain in which analgesic therapy was based on the clinical judgment of the treating physician have also shown that pregabalin improves pain and sleep disturbance when used for the treatment of CLBP with an NeP component. 36, 37 However, the practical therapeutic value of pregabalin relative to other pain medications has not been assessed in CLBP-NeP patients in a Japanese typical care setting. Therefore, since it is important to demonstrate generalizability of results across 
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Pregabalin versus usual care for neuropathic chronic low back pain populations, 38 the goal of this non-interventional study is to evaluate from the patient's perspective the benefits of usual care with and without pregabalin for the treatment of CLBP with NeP in Japanese patients in a variety of clinical settings. The impact of pregabalin was evaluated on sleep interference, pain, function, and impression of change at end of treatment. In particular, the effects on sleep were evaluated as the primary endpoint, since it is ranked of high importance among pain-related outcomes across a variety of chronic pain conditions, 39 and thus would represent a true benefit from the patient's perspective. Furthermore, based on the importance of sleep, guidelines for the assessment of chronic pain as well as guidelines specific to NeP consistently emphasize sleep as a core outcome domain recommended for assessment in clinical trials. [40] [41] [42] 
Methods

study design
This 8-week, prospective, non-interventional, observational study, was performed at 33 study sites in Japan. All sites regularly treat patients with CLBP accompanied by NeP in a primary care setting using routine clinical practice. The study was conducted in the latter half of 2014, and study sites encompassed a variety of clinical settings including orthopedic surgery (28), pain (two), internal medicine (one), urology (one), and general surgery (one). These study sites were screened and selected based only on feasibility from 6,428 medical institutions that have contracted with a site management organization and have accepted support by clinical research coordinators across Japan. The present study was designed to evaluate the effectiveness of pregabalin versus usual care for the treatment of CLBP with an NeP component in primary care settings. Effectiveness was measured from the patient's perspective using several patient-completed measures. The study was performed in accordance with the Declaration of Helsinki and received approval from the Byoin-Godo Ethical Review Board; all patients provided written informed consent prior to participation (Clinicaltrials.gov identifier NCT02273908).
Patients who enrolled in the study were treated for 8 weeks with usual care, defined as conventional analgesic care, or pregabalin alone or in addition to whatever other analgesics they may have been prescribed, with choice of therapy determined solely by the clinical judgment of the treating physician.
Patient population
For inclusion, Japanese adults ($18 years old) were required to have CLBP with accompanying lower limb pain below the knee of duration $3 months that was also refractory to previous analgesics for $3 months, and of severity $5 (at least moderate severity) on a numerical rating scale (NRS; 0= no pain, 10= worst possible pain). Patients who were treated with pregabalin within the past 2 weeks were excluded from the study. All patients who were encountered during the enrollment period and met all study criteria were continuously enrolled at the study sites in order to reduce selection bias. The self-report version of the Leeds Assessment of Neuropathic Symptoms and Signs pain scale 43 was administered after the physical exam but was not used for diagnosis.
Outcomes
The primary efficacy endpoint was change from baseline at 8 weeks in the Pain-Related Sleep Interference Scale (PRSIS) with a recall period over the past week. Sleep interference was used as the primary efficacy endpoint since it is not only an outcome of importance to patients, but has a reciprocal relationship with pain, 16, 17, [44] [45] [46] [47] and CLBP has been reported to significantly affect quality of sleep. 20, 48 The PRSIS is a patient-completed measure that evaluates the extent to which pain interferes with sleep, and is scored using an NRS ranging from 0 ("did not interfere with sleep") to 10 ("completely interferes with sleep"). It is derived from the Pain Interference with Sleep item of the Brief Pain Inventory-Short Form 49 and except for the 1-week recall period, it is similar to the Daily Sleep Interference Scale that has been validated to evaluate sleep interference due to pain in patients with NeP. 50 The PRSIS format has been used previously in almost all clinical studies of pregabalin in NeP, 51, 52 and in the current study it was administered at baseline, and after 4 and 8 weeks of treatment.
Secondary endpoints included changes in pain and function from baseline to weeks 4 and 8; subjects were asked to describe their average pain over the past week, assessed using the NRS, and function was assessed using the RMDQ, 25 as recommended by the Japan Orthopaedic Association's guidelines for the management of LBP. 26 In the event that a patient had used rescue medication within 12 hours of the clinic visit, the patient was requested to respond to the RMDQ questions based on their functional ability for the 24-hour period preceding the rescue medication. The RMDQ is a patient-completed measure that evaluates how well patients with CLBP function with regard to daily activities during the previous 24-hour period. The range of scores on the RMDQ is from 0 to 24, and lower scores indicate better function. While a 3.5-5-point absolute change has been considered 
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Taguchi et al as the minimal clinically important difference, 53 ,54 a 30% change from baseline is generally accepted, since this value provides an estimate of clinical relevance regardless of baseline score. 54, 55 The proportions of patients who achieved improvements in pain of 30% and 50% were also determined, as recommended by the Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT); 56 $30% is considered a clinically significant pain reduction, and a reduction $50% is of substantial clinical significance.
Other secondary endpoints were the 5-level, 5 dimension EuroQol (EQ-5D-5L), 57 and global impression of change assessed by both the patient and clinician, using the Patient Global Impression of Change (PGI-C) and Clinician Global Impression of Change (CGI-C), respectively. 58 The EQ-5D-5L measures included the change from baseline in current health state, with "today" as the recall period, on the visual analog scale (VAS) health state thermometer standardized to a 0-100 scale, and the change in quality of life score using the Japanese value set. 59 Validated Japanese versions of all measures were used, including the RMDQ. 60 The primary objectives of this study did not include comparison of safety with usual care, consistent with the non-interventional nature of the study. 61 However, safety information for pregabalin was collected in accordance with the standard practice of the sponsor, and was evaluated based on the incidence of treatment-related adverse events (AEs) using a safety analysis set, defined as all subjects who received at least one dose of pregabalin.
statistical analysis
Sample size was determined based on the proposed analysis of the primary endpoints. Assumptions for calculation of sample size, derived from previous Japanese studies of pregabalin for NeP and a post-marketing study that is currently ongoing in Japan, included a standardized effect size of 0.35 (ie, the difference in mean change from baseline divided by the pooled standard deviation of the mean change from baseline); a 25% withdrawal rate; correlation of 0.85 for scores between weeks 4 and 8; and a ratio of pregabalin to usual care of 1:1. Based on these assumptions, it was estimated that a total sample size of 324 subjects would be needed to have at least 80% power to detect the treatment difference.
Descriptive and inferential statistical analyses were performed. Efficacy analyses were conducted on the full analysis set, which included all patients who received at least one dose of the pregabalin or usual care treatment and had at least one post-baseline evaluable efficacy assessment. The PRSIS, pain NRS, RMDQ, and EQ-5D-5L were summarized at baseline, and for the change from baseline at weeks 4 and 8; the PGI-C and CGI-C were summarized at the end of the treatment period. The primary endpoint was defined as change from baseline to week 8 in the PRSIS, and treatment groups were compared using a mixed model for repeated measures analysis 62 
Responders of pain NRS were analyzed using a logistic regression model that included treatment and baseline value, and chi-square test was used for PGI-C and CGI-C.
A post hoc sensitivity analysis of the PRSIS at week 8/endpoint was performed in which missing values were imputed using baseline observation carried forward (BOCF) on all treated subjects regardless of whether a patient had at least one post-baseline evaluable score of PRSIS.
The statistical analysis plan was developed before any data became available, and all analyses were conducted using SAS version 9.2 (SAS Institute Inc., Cary, NC, USA).
Results
Patient characteristics
A total of 331 patients were enrolled and 293 completed the study, 79.0% and 97.1% of the pregabalin and usual care groups, respectively ( Figure 1) ; the primary reasons for discontinuation were AEs (10.2%) and lost to follow-up (6.4%) in the pregabalin group, and patient request in the usual care group (1.1%). Baseline demographics (Table 1) were similar between the groups; the population was predominantly female (59.8%), with a mean (standard deviation) age of 70.0 (13.1) years. Distribution of the primary diagnoses (Table 1) was also similar between groups, and the two main pain diagnoses were lumbar spinal stenosis (34.1%) and osteoarthritis of the lumbar spine (32.6%). The mean baseline pain NRS in the pregabalin group, 6.3 (1.2), was significantly higher than that in the usual care group 5.8 (1. # the full analysis set consisted of subjects who had at least one evaluable observation from any of the patient-reported outcomes, and only evaluable subjects who contributed to the particular outcome were evaluated in each analysis.
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Pregabalin versus usual care for neuropathic chronic low back pain All patients used a variety of medications for pain (Table 1) . Nonsteroidal anti-inflammatory drugs were the most commonly reported analgesics, used by 96.8% and 95.4% of pregabalin and usual care patients, respectively, and there was polypharmacy in both treatment arms. No patients were enrolled who had been treated with pregabalin during the 3 months prior to the study.
Efficacy
Pregabalin dosing was flexible, and the range of doses among these patients was 25 mg/day to 300 mg/day. For the primary efficacy endpoint of PRSIS at week 8, patients treated with pregabalin reported a least-squares (LS) mean change from baseline of -1.3 compared with -0.4 for usual care (Figure 2 ). These changes resulted in a treatment difference of -0.9 (95% confidence interval [CI] -1.5, -0.4) that significantly favored pregabalin (P,0.001). Significant differentiation between treatments for improvement in PRSIS was also observed at week 4 ( Figure 2) , with a difference in LS mean PRSIS scores of -0.7 (95% CI -1.2, -0.1; P=0.012) indicating greater improvement with pregabalin.
As shown in Figure 3A , pregabalin resulted in a significantly greater improvement in pain relative to usual care at week 4, with LS mean change from baseline of -1.8 compared with -1.1 for the usual care (difference in LS mean -0.7 [95% CI -1.1, -0.2]; P=0.004). Additional improvement was observed at week 8, which resulted in a between-treatment difference in LS mean change from baseline of -0.8 (95% CI -1.3, -0.4; P,0.001) that favored pregabalin. Compared with usual care, significantly greater proportions of pregabalin-treated patients achieved clinically relevant reductions in pain of $30% (54.6% versus 37.1%; P=0.008) and $50% (39.2% versus 20.0%; P=0.002) ( Figure 3B ).
Patient-reported function was significantly improved in the pregabalin group relative to usual care as indicated by greater reductions from baseline in RMDQ scores at weeks 4 and 8 (both P,0.001) (Figure 4 ), representing changes of 29% and 38%, respectively. While patients treated with pregabalin also reported greater improvements in EQ-5D-5L VAS health state at both time points, the difference between treatment groups was only significant at week 8, with an LS mean change of 7.0 versus 2.3 for usual care (P=0.026), resulting in a difference in LS mean of 4.7 (95% CI 0. 6, 8.8) . In contrast, the EQ-5D-5L quality of life score showed a significant improvement favoring pregabalin at week 4, with an LS mean difference in scores of 0.0329 (95% CI 0.0058, The majority of patients treated with pregabalin achieved global improvements from both the clinician and patient perspectives, 80.8% and 74.4% for the CGI-C and PGI-C, respectively ( Figure 5 ). In contrast, less than half of the patients in usual care achieved global improvements ( Figure 5 ). The differences between treatment groups across all seven change categories were statistically significant on both the CGI-C and PGI-C (both P,0.001).
Sensitivity analysis performed for the primary endpoint, PRSIS at week 8, in which missing values were imputed using BOCF showed results that were consistent in direction and comparable magnitude with the primary analysis; LS mean changes from baseline were -1.1 and -0.3 for pregabalin and usual care, respectively, with a difference between treatments of -0.7 (95% CI -1.2, -0.3; P=0.002) .
safety
In the pregabalin group, 56 treatment-related AEs were reported by 40 patients (25.5%), of which none was serious (Table 2 ). Treatment-related AEs was the reason for discontinuation in 9.6% of the pregabalin-treated patients. The most commonly reported treatment-related AEs in the pregabalin group were somnolence (13.4%) and dizziness (10.8%) ( Table 2 ).
Discussion
The results of this non-interventional study of CLBP-NeP patients treated with pregabalin showed significant improvements in pain-related sleep interference, pain, function, and health status relative to usual care. These improvements were not only observed at the primary endpoint of 8 weeks, but most also showed significance after 4 weeks of treatment. Pregabalin was also safe and well tolerated. Dosing in this study was flexible, reflecting real-world clinical practice, and the dose range was 25-300 mg/day; the recommended dose range of pregabalin in Japan is 150-600 mg/day.
In addition to improvements in sleep, pregabalin resulted in greater benefits in pain and function relative to usual care at both 4 and 8 weeks, manifested by significantly greater reductions in pain NRS scores and RMDQ scores, respectively. Of note, the 38% change in RMDQ at week 8 exceeded the minimal clinically important difference of 30%, and showed that this change was clinically relevant as well as statistically significant. However, the results for pain are in contrast to a small randomized, cross-over trial in patients with a related condition, neurogenic claudication associated with lumbar spinal stenosis that reported no effects of pregabalin on increasing the time to moderate pain during a treadmill test. 63 This difference in analgesic efficacy may be a function of the type of outcomes assessed as well as the patient populations.
The significant improvements in sleep and pain are not surprising given the reciprocal relationship between 
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Pregabalin versus usual care for neuropathic chronic low back pain these two outcomes such that not only does pain interfere with sleep but poor sleep increases pain sensitivity. 16, 17, 64, 65 Observations from previous studies of pregabalin in several NeP conditions also showed significant effects on both pain and pain-related sleep interference. [31] [32] [33] 51, 66, 67 Additionally, it has been suggested that improvements in function and health state in patients treated with pregabalin are not exclusively mediated through analgesic efficacy, but rather result from combined effects on pain and sleep interference. Figure 5 global impression of change at week 8 from the perspectives of (A) the clinician, assessed using the clinician global impression of change (cgi-c), and (B) the patient, assessed using the Patient global impression of change (Pgi-c). Notes: categories are collapsed into "improved", consisting of "minimally improved", "much improved", and "very much improved", and "Worsened", consisting of "minimally worse", "much worse", and "very much worse". Differences between pregabalin and usual care were significant for the full set of categories on the CGI-C and Pgi-c (both P,0.05).
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Taguchi et al showed that the benefits achieved with pregabalin on pain and sleep may be further manifested by improvements in overall health state, as measured by the EQ-5D-5L VAS scores and the global impression of change scores. Notably, there was good concordance between CGI-C and PGI-C, further suggesting the robustness of these changes.
All patients in both treatment groups had at least moderate levels of pain, which was an inclusion criterion. These levels of pain, despite previous use of analgesic therapies, highlight the refractoriness of CLBP with NeP as well as the complexity of its treatment. However, it should also be noted that patients who received pregabalin had significantly 
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Pregabalin versus usual care for neuropathic chronic low back pain greater pain scores at baseline as well as greater functional impairment on the RMDQ. These higher pain scores were similar to another non-interventional study in CLBP-NeP patients that also reported significantly greater baseline pain among those treated with pregabalin relative to usual care. 61 The consistency of the higher baseline pain scores suggests that, although pregabalin is effective for the treatment of NeP, clinicians may be reserving its use in the clinical setting for patients with more refractory NeP. Consistent with the safety profile that has been reported in other studies of pregabalin for NeP in Japan, 34, 69 pregabalin was safe and well tolerated. There were no serious AEs, and only 9.6% of patients discontinued the study due to treatment-related AEs. No patients in the comparator group discontinued due to AEs, which may be accounted for by the fact that physicians were allowed to switch patients to other analgesics throughout the study (ie, real-world prescribing). The low rate of study discontinuations among the usual care patients, especially related to AEs, may have been due, at least in part, to the ability to switch medications throughout the study based on safety, efficacy, and the treating physician's judgment. In contrast, those in the pregabalin arm, although also able to switch among other analgesics, were required to remain on pregabalin through week 8. It should also be considered that the higher proportion of pregabalin patients who discontinued due to being lost to follow-up may have stopped their clinic visits as a result of improvement. Such a reason for lost to follow-up has previously been reported in other conditions, [70] [71] [72] suggesting that these discontinuations are not necessarily associated with adverse outcomes. However, even if subjects who discontinued had no benefit from the treatment, which is the most conservative approach for handling missing value, results of BOCF were similar to that of the primary analysis, thus supporting the robustness of the effects.
Several study limitations should be noted, including that the study was observational and open-label as well as nonrandomized, since choice of treatment was based on the clinical judgment of the treating physician. This design may also be considered as setting an imbalance in clinical equipoise, since the known effects of pregabalin on the part of the clinicians may have biased patient selection, subsequently resulting in the significantly greater pain observed in this group. Nevertheless, this design can also be considered as a strength of the study, since it allows a physician to assess a drug's efficacy and safety in real-world clinical practice, which does not itself endorse balanced treatment strategies.
Patients in this study were required to have at least a moderate level of pain that was refractory to analgesics. The use of these inclusion criteria may also limit the generalizability of the results. However, greater pain, rather than greater sleep disturbance, may more likely result in the type of clinical decisions and treatment used in the current analysis.
Conclusion
The present study adds to previous studies of pregabalin for NeP by providing clinically important information on patients with CLBP-NeP, a difficult to treat population, in a usual care setting. When used under conditions of real-world prescribing for the treatment of CLBP-NeP, pregabalin, which could be used either as monotherapy or in combination with usual care prescribing, showed significantly greater efficacy than the usual care alone group in reducing pain-related sleep interference as well as the pain itself. Improvements in sleep were accompanied by significant improvement in pain, function, and health status, all of which contribute to the significantly improved quality of life in patients with CLBP-NeP. In addition, the majority of patients showed good tolerance of pregabalin. These results provide evidence of the clinical benefit of pregabalin and confirm its usefulness for treating patients with this challenging condition.
